Summary
The National Synchrotron Light Source (NSLS) is now becoming operational with synchrotron radiation experiments beginning on the 700 NeV VUV electron storage ring.
Commissioning of the 2.5 GeV x-ray storage ring has also begun with the experimental program expected to begin in 1983.
The current status of the experimental program and instrumentation, and the plans for future developments, will be discussed. Although some early results have been obtained on VUV beam lines no attempt will be made in this paper to describe them. Instead, an overview of the beam line characteristics will be given, with an indication of those already operational. In the oral presentation some initial experimental results will be discussed.
Description of the NSLS
The NSLS consists of a 70 leV linear accelerator, a 700 MeV booster synchrotron, a 700 MeV, 1 ampere, electron storage ring for VUV radiation, and a 2.5 GeV, 0.5 ampere electron storage ring for hard x-rays.
The general facility plan is shown in Fig. 1 along with a number of lines tangent to the electron orbits at the bending magnets. These represent beam ports, each port capable of supporting up to 3 beam lines. On the x-ray ring, each port allows 50 mrad of horizontal radiation out of the vacuum chamber. When fully operational there will be about 50 beam lines on the ring. On the VUV ring, each port will allow 90 mrad of radiation out, serving a total of about 25 beam lines.
Each ring can also support special insertion devices such as wigglers and undulators on the straight sections -7 on the x-ray ring, and 2 on the VUV ring.
Beam lines at the NSLS have been specifically designed to utilize the high flux, high brightness radiation available. Figure 2 shows the flux integrated over all vertical angles for the x-ray and VUV arc magnet sources, and for the 6 T superconducting wiggler magnet on the x-ray ring. The critical wavelengths, source dimensions, and relevant time structures are listed in Table 1 . The high flux and small source size (due to the low emittance design for the electron storage ring) gives the NSLS radiation a brightness greattr than other currently operating storage rings. , For many experiments, such as small angle scattering and fluorescent microscopy the brightness is the true figure of merit. angles for the NSLS VUV and X-ray bending magnet sources and the 6 T superconducting wiggler on the x-ray ring. The total flux from the wiggler will be about six times that shown in the figure. Tables 2 and 3 .
X-Ray Research
The critical energy of the x-ray photon spectrum from the bending magnets is 5 keV, giving a high usable flux up to about 22 keV. On all of the x-ray beam lines a thin Be window with a low energy cutoff of about 3 keV is used to separate the machine vacuum from atmosphere or from the optics. Thus, the working energy range for the bending magnet lines is between 3 and 22 keV. In order to extend the spectrum above 22 keV it I necessary to utilize the superconducting wiggler, for which the critical wavelength Ac = 0.5 A (Ec = 25 keV). Usable flux should be available out to energies beyond 100 keV. It is the high brightness of the x-ray source at the NSLS which will allow a high photon flux to be focused onto the sample with good energy and momentum resolution.
At this conference, there will be detailed discussion of two beam lines by other authors. One, the NRL beamline, is currently being constructed. The details of the type of optics which will be used on many NSLS beam lines can be found there, as well as in previously published material (see for example, references 6 and 9). The second one, the atomic physics beam line, represents a beam line planned for the next phase of expansion of the NSLS facilities. Even though the x-ray ring is not quite ready for the initial experiments to begin, the facility and the scientific community are planning the future beam lines.
Besides the atomic 4physics program, there will be the x-ray microprobe. It will be used for trace element analysis by x-ray fluorescence, absorption, and computer tomographic techniques. With spatial resolution of 1 micron the technique will provide trace element determination in individual cells for biology and medicine.
It is anticipated that three beam lines will be constructed on beam port X17 where the superconducting wiggler is being installed. The main branch will be a focused, monochromatic line instrumented for a general class of spectroscopy and scattering experiments which will take advantage of the flux There will be two beam lines utilizing horizontal scattering monochromators. One will be a fixed energy, focused, high flux line at an energy of 20 keV, for example. The second will be an unfocused line at 33 keV for medical imaging.
The high field wiggler will provide a high flux of photons up to about 100 keV, substantially higher than the energy of the photons from the bending magnets or permanent magnet devices. This energy range makes possible spectroscopy experiments on elements with absorption edges above Mo (20 keV).
It also provides an intense beam of photons at several absorption edges useful in medical diagnostics, for example Iodine at 33.16 keV.
Recent successful experiments at the Stanford Synchrotron Radiation Laboratory have shown the potential of using synchrotron radiation for noninvasive aniography.
Such a program in medical imaging will begin also at the NSLS.
During the next several years three or more insertion devices constructed of permanent magnets will be placed in straight sections of the x-ray ring. The principal feature shared by all these devices is an enhancement of the photon flux by a factor of 2N above the arc source flux.
N is the number of periods of the magnetic field in the magnet. A permanent magnet wiggler will generally increase the flux over a broad spectrum of energies and will be ideal for spectroscopy experiments on dilute systems gases,-or two dimensional systems. One such magnet being constructed at the NSLS is a VanadiumPermandur-Rare Earth Cobalt (SmCo5) device with 12 periods. It will -give a flux enhancement relative to the bending magnet flux of a factor of 24 for the wavelengths greater than 2 A.
Another device, an undulator, enhances the flux at specific harmonic frequencies. Many possible designs are currently ??ing studied for experimental programs at the NSLS.
One principal feature of these devices is that they can be designed to produce intense flux in a small horizontal opening angle, thus increasing the brightness of the source substantially. The peaking of the flux in a narrow energy range also decreases the amount of power incident on a monochromator, reducing the severe thermal problems expected, and making them ideal for high resolution scattering;experiments. In fact, it seems reasonable to anticipate a beam port for scattering experiments where the peak in the flux is at about 4 keV. The very high fluxes will make possible experiments on two dimensional systems such as liquid crystals and adsorbed gases not possible with the flux from bending magnet sources. Another beam line could be constructed for doing high energy resolution inelastic scattering. The high flux and high brightness will compensate for the large loss in flux inherent in a normal incidence back scattering gonochromator, and achieve a resolution of AE/E = 10-A facility is also proposed to produce beams of monochromatic, linearly polarized photons with energies up to 500 MeV using laser light, Compton peckscattered from the storage ring electron beams. At moderate energies the decay modes of giant resonances could be studied and the high-momentum components of nuclear wavefunctions can be mapped out. The expected fluxes of polarized photons are comparable to or greater than the unpolarized flux in bremsstrahlung beams.
VUV Research
With a critical energy at 0.4 keV (31 A), the 700 MeV VUV storage ring produces intense and very bright beams in the vacuum ultraviolet region of the electromagnetic spectrum. This ring is now in an early operational phase and some preliminary experiments are being performed. Overviews Initially an external Argon laser will be directed through the electron beam undulator interaction region and the single pass gain will be measured. Subsequently, the optical cavity will be completed and the laser oscillating mode will be established.
Comparing the output of the FEL with the undulator source, it is expected that there will be a gain of six orders of magnitude in the flux spectral density and in the source brightness.10
With operation of many beam lines commencing, the facility is looking ahead to enhancing its capabilities.
Several groups are planning new beam lines. The NSLS division is studying the potential for a soft x-ray line in the 0.5-2 A wavelength range. Consideration is also being given to11such diverse programs a? 8 an infrared beam line and x-ray holography.
Conclusion
The NSLS is now beginning research in programs which touch all scientific disciplines. The diversity of programs, supported by universities, industrial labs, and national labs is unprecedented in a single facility. The excitement of beam line commissioning and the promises of the future developments give rise to a tremendous feeling of optimism concerning the scientific payback from the enormous efforts of so many people during the planning and construction phases of the facility.
At the present rate of growth in numbers and types of beam lines, the NSLS must already look towards expansion to satisfy the demands of the scientific community.
